UNCLASSIFIED 


AD  NUMBER 


AD430343 


NEW  LIMITATION  CHANGE 
TO 

Approved  for  public  release,  distribution 
unlimited 


FROM 

Distribution:  Further  dissemination  only 
as  directed  by  Army  Medical  Research  and 
Development  Command,  Washington,  DC,  28 
Feb  1964  or  higher  DoD  authority. 


AUTHORITY 


AMRDC  ltr,  29  Feb  1968 


THIS  PAGE  IS  UNCLASSIFIED 


^ — I 

CO 

CO 

o 

CO 


Annual  Prograaa  Raport 
to  tba 

Conalaalcn  on  Emrlronaantal  Hyiian# 
of  tba 

triad  Torcaa  Epidemiological  Board 


Bta rUlnatlon  Action  of  Chlorina  and  Iodlna  on 
Btctaria  and  Vlruaaa  la  We  tar  Syataaa 

Tor  tba  parlod:  1  July  196?  to  28  February  196>» 

Baaponalbla  Invaatlgatort  Dr.  Cornallua  V.  Kraal,  Profaaaor 

Dapartawnt  of  Sanitary  Bngiraariaf 
Tba  Johns  Bopklna  Dnlraralty 
School  of  Syilena  and  Public  aralth 
Baltlnora,  Maryland  WHO) 

Principal  Inractigator:  Dr.  TU-Chih  Bra,  Aaalatant  Profaaaor 

Dapartaant  of  Sanitary  Bnglnaarl rg 

Contract  Bo. t  DA-t9-193  »  «3lk 

Support*!  by:  0.8.  Any  Madloal  Itasaaroh  and  Daralopaant  Ooanand 
Dapartaant  of  tba  Any,  Oaihlncton,  D.  0. 


Annual  raport  to  tba  CoBadaalon  on  Enrlrnn—ntal  Rygiana  of 
tba  Anad  Tores*  Bpldaalologloal  Board 


CO 

cn. 

O' 


bot  ra  pcBUCATiar 

Tfcla  Inforaatlon  nay  not  ba  ralaaaad  to  othar  paraooa, 
quirted,  or  axtrmetad  for  publication,  or  otbanrlaa 
dlaaanlnatad  without  paraded  on  of  the  raaponalbla 
Inractigator  or  tba  noaalsalon  director. 

CPC  ATAILABHITT  gTATEHEHT 

ALL  D1BTHIBOTI0B  OF  THIS  REPORT  IS  CCMTROUXD. 
GPAUTIZD  DCC  USERS  SHOUID  REQUEST  T9R0008  THt 
C0M4ARDIB0  QERRRAL,  O.S.  ARKT  MEDICAL  RESEARCH 
ARD  DEVELOPMERT  CCMdARD. 


ADi>r»3»tnr 

NO  OTS 


1.  The  John*  Hopkina  Univeraity 

School  of  Hygiene  end  Public  Health 

t.  Sterilization  Action  of  Chlorine  end  Iodine 
on  Bacteria  and  Virujea  is  tfctar  Syatene 

3.  Or.  Itt-Chih  Hau,  Aeelatant  Profeaaor  of  Sanitary  Bngineering 
Or.  Cornallua  V.  Kruie,  Profeaaor  of  Sanitary  Ingineering 

k.  So.  of  page  a  i  J  DJuat  rations}  3 
1  July  1963  to  *8  IWoruary  196** 

3.  Contract  So.i  DA-^9-193  HD  231^ 

6.  Supported  hy  >  0.8.  Army  Hadical  Research  ft  Develnfant  Cceoarad 

Department  of  tha  Any,  WhaMugton,  0.  C. 

Annual  report  to  the  Cociaiiaion  of  fcvlronm*ot*l  Hygiene  of 
the  Anaad  force*  Pp  idem! ologl  cal  Board 


Iodine  reacta  beet  with  some  virueea  at  pH  value*  between  6  and  8, 
and  at  nuch  higher  or  lover  pH  then  delimited  by  the  range,  the 
inactivation  of  virus  will  bo  materially  reduced. 

The  preaence  of  tha  iodide  ion  will  greatly  reduce  the  inaotivatiev- 
of  a  one  viruae*. 


The  reaction  of  iodine  with  the  aulfhydryl  grorpe  of  the  protein 
coat  apparently  la  not  reaponalble  for  the  ooeplete  loacti ration  of 
the  rirua. 

lo.-ination  of  tha  tyroain  vaa  effective  provided  no  sijpjifleaat 
..eci'-t,. ,  of  iodide  vee  in  the  system. 


7.  Key  wordai  Water  Die infection,  Water  Supply 
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Introduction 


Thi*  prog  ran  report  la  concarnad  with  tha  continuation  study 
of  tba  mode  of  action  of  Iodine  In  tha  Inactivation  of  bacteria  and 
virus#*.  Tha  previous  finding  re  reeled  that  the  bactericidal  action 
of  Iodine  la  rapid,  being  cospleta  el thin  one  minute.  The  killing 
action  continue*  until  all  Iodine  la  consumed.  The  ability  of  tba 
bacterial  cell  to  conauna  ox/ger.  and  to  incorporate  inorganic  phos¬ 
phate  Into  HHA  and  SKA  la  blocked  laned lately  by  tha  action  of  Iodine. 
Hwverthslaaa,  Iodine  eaa  unable  to  inectleate  the  trana forming  ESA, 
ehareae  both  chlorine  and  bromine  readily  destroyed  tha  trace  forming 
activity  (cae  figure  l).  Experiment#  with  l1^1  moat  of  tha  iodine 
reacting  with  tha  bacterial  cell  auggaat  that  killing  la  primarily 
by  oxidation  of  tha  aulfhydryl  groupa  rather  then  by  eubetltutlcn 
or  additions  to  tha  bectarla  covenants. 

The  current  studies  have  concentrated  on  the  effect  of  Iodine  oa 
bacterial  RKA  virus  (f»)  and  on  polio  rlrua.  Work  with  tha  latter 
has  not  progressed  sufficiently  to  lnolnde  findings  since  egulumant 
had  to  be  assembled  end  suitable  a 7a team  derlaed  for  conducting  a tody 
with  polio. 


Materials  and  Hithoda 

RKA  bacterial  virus  f«  a train  was  kindly  supplied  by  Dr.  I.D.  tinder 
through  Dr.  T.  fukaaeva.  Madia  ard  methods  ware  tha  same  as  deeorlbmd 
by  Loeb  and  Zlnder  (l).  Tba  f»  bacterial  rlrua  was  precipitated  with 
EM  concentration  of  aemnniun  sulfate  and  raauspeadad  In  O.OJM  phos¬ 
phate  buffer,  pH  7,  containing  O.lfett  saline  (PM).  The  bacterial 
virus  stock  aolutlon,  containing  approximately  l<r^  PFtJ/al,  was 
diluted  to  10“*  end  used  ea  e  teat  virus.  In  acme  of  the  later 
experiments  a  CaCl  purified  phage  was  used  as  test  strain.  Residual 
Iodine  was  detected  with  Paragon  (Eastern  Chemical  Company)  indicator. 

In  order  to  terminate  Iodine  reaction,  sodium  thol sulfate  was 
used  for  Initial  experiments.  In  most  experiments,  however,  tholsulfate 
was  not  necessary  tinea  mixing  test  solutions  Into  eomplexlng  madia 
instantly  reduced  tha  active  Iodine  to  Iodide.  Pars -chlorate rcurl- 
b»sfjlc  sold,  obtained  from  the  Sigma  Coegmny,  Inc.,  was  diluted  In 
V '  trls-HCl  buffer  (pH  8)  containing  O.lliM  HaCl.  For  reaction  at 
different  pH  levels,  acetate,  pboepbete,  trls-BCl,  glycine  buffer  woe 
used  in  proper  range  of  pH,  each  containing  O.lkM  of  saline. 


(l)locb,  T.  and  Zlnder,  H.  D. ,  A  Bacteriophage  Containing  RKA,  PKA8, 

kj)  282,  1961 


Iodotyrosln  wi  miuitd  In  increeents  at  312  allllai  crons 
nr»  length  (2). 

Results 

33m  inactivation  of  both  Bach,  ooll  and  the  bacterial  rlrua  van 
eoaplete  at  rooa  tei^Mra-^ure  witMn  jW  seconds  with  a  0.04  aM  dosage 
of  iodine  (10  ag/l)  In  the  preaence  of  0.048  aM  of  Iodide.  Zt  wee 
oba erred,  however,  that  eaall  increases  la  Iodide  concentration  altered 
the  rate  of  rlrua  lnactlratlon  but  did  not  Materially  reduce  the 
effect  on  Bach,  coll.  Bren  at  0°0  In  the  preaenoe  of  0.5M  Iodide 
B.  coll  wee  Inactivated  within  fire  Minutes,  whereaa  the  bacterial 
rlrua  wee  almost  fully  active  during  one  hour  of  contact.  Theee 
reeulta  are  shorn  In  figure  t. 

Using  a  constant  doeage  of  iodine  of  0.04  wM  at  rocai  t  vagi  stature 
the  relationship  of  rarylng  concentration  of  iodide  and  aurrlral  of 
rlrua  la  given  In  figure  3.  After  10  alnutes  of  contact  a  striking 
Increase  In  surrlrlng  rlrua  fraction  is  obtained  by  Increasing  the 
concentration  of  KI  free  10"^M  to  10"*M.  If  the  concentration  of  KI 
la  increased  shore  10~n1,  eore  then  10%  of  the  Initial  lnoeulue  will 
surrlre. 

It  can  be  seen  from  rlrua  eurrlrale  obtained  at  the  end  of  5*  30 
and  60  Minutes  of  contact  tins  that  the  concentration  of  KI  alters  the 
rate  of  rlrua  Inactivation  by  Iodine,  as  given  on  the  right  graph  In 
Figure  3. 

The  hydrogen  Ion  concentration  exerts  e  profowd  Influence  on 
the  action  of  chlorine  and  eay  be  expected  to  elallarly  effect  the 
disinfection  properties  of  Iodine.  The  reeulta.  however,  with  rime 
lnactlratlon  were  eceewbat  unexpected,  figure  e  shows  the  aurrlral 
fraction  of  virus  at  different  pH  value*  after  constant  aeounte  of 
virus  were  reacted  with  the  sane  Iodine  dosage  of  0.0k  aM  In  the  p re sagos 
of  0.0k8  aM  of  Iodide.  The  survival  of  virus  varied  directly  with  the 
hydrr^en  Ion  concentration.  Below  pH  6  there  was  an  Increase  In  the 
an-.  ri.sl  fraction,  reaching  a  earl  ana  at  pH  4  to  3  where  acre  tfc&u  0.1% 
the  virus  raealned  active  after  10  alnutes  of  contact  ties. 

Para-chloroaercurlbentoie  acid  (PCMB)  Is  e  ralfhydryl  attaching 
agent.  Bsch.  coll  and  rlrua  were  treated  with  a  10 concentration 
of  PCMB  at  rooa  uexperatur*  and  pH  8.0  for  one  hour.  The  survival  of 


(2)Cha,  C.  T.  and  Scheraga,  H.  A.,  differentiation  of  the  Tyrosyl  Oroup 
of  Ribonueleeae  A  by  Iodlnatlon,  Bloch.  T  >phy.  Research  Oceaa. 

Is  67,  1961 
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organisms  have  been  plotted  In  Figure  5.  It  la  apparent  that  while 
E.  coll  vaa  successfully  Inactivated  within  a  few  aeconda  the  vlrua 
remained  active  for  more  than  one  hour  of  contact. 

Tyrosln,  another  protein  residue  In  the  coat  of  the  bacterial 
vlrua,  nay  be  Involved  In  Interaction  with  iodine.  Experimental 
reaulta,  alao  shown  In  Figure  5,  indicate  that  lodlnatlon  la  complete 
providing  the  Iodide  Ion  la  kept  below  the  10“tI  level.  The  rate  of 
reaction  la  greatly  decreaaed  aa  the  concentration  of  KI  lncreaaed. 

A  alallar  obaervatlon  haa  been  made  ualng  polio  vlrua  and  will 
be  reported  by  Komura  and  Hau  at  a  later  date. 

Dlacuaalon  of  Results 

In  dlacuaalng  the  reaction  of  Iodine  with  vlruaea  It  would  be 
of  Interest  to  briefly  revi»*r  the  current  theory  regarding  the  Inter¬ 
action  of  Iodine  with  water.  At  the  present  time  the  motive  Iodine 
species  capable  of  reacting  with  the  complex  protein  coat  la  the 
cationic  hydrated  Iodine,  HgOI+(3,4).  It  would  not  be  consistent  to 
believe  that  non-ionic  or  anionic  forma  of  Iodine  would  poaaees  the 
reacting  power  for  the  modification  of  proteins. 

Before  considering  the  active  species  (HgOI+)  the  presence  of 
hydroxyl  Iona  should  be  mentioned  In  tne  formation  of  HOI,  hypoidoua 
acid. 


I2  +  OH"  4--~  *  BOI  +  I"  ,  K  -  30  (1) 

HOI  * - >  +  01"  ,  Kg  -  10s**  (2) 

Iron  these  equilibrium  equations  the  ratio  of  HOI: I,  can  be  computed  (5). 
Aa  the  hydroxyl  Ion  concentration  is  lncreaaed  the  BDI  la  further 
oxidized  aa  given  below: 

3H0I  +  2(0H")  y . -»  HIOj  ♦  21“  +  2HgO  (3) 


(3)Bell,  R.  P.  and  Gellea,  E.,  The  Halogen  Cations  in  Aqueous  Bolutlc- , 

J.  Chem.  Soc.,  1951,  2734,  (1951) 

^Hughes,  V.  L. ,  Cbealatry  of  lodlnatlon,  Ann.  K.7.  Acad.  Sd.  p.3,  1957-58 
(5)Chang,  3.  L. ,  The  Use  of  Active  Iodine  aa  a  Water  Disinfectant, 

J.  Am.  Pharmaceutical  Aaaoc.  4jj  417,  1958 


Tbs  active  apeclec  of  the  hydrated  Iodine  cation,  HjOI*  la 
produced  by  the  following  reaction  (})> 

I2  ♦  HjO  7= *  HjOI*  +  I',  K-  l.t  *  10"U  (V) 

and  reaction  (5)  shows  tha  ecnblnlng  of  I.  with  Iodide  to  for*  tha 
Inactive  tri-lodldet 

i2  ♦  r  ?  - . -»  ij“  ,  Kj  ■  7.1b  >  io*  (5) 

fxa  tha  equations  (U)  and  (5)  the  rata  of  reaction  nuat  wary 
Inversely  aa  tha  square  of  tha  concentration  of  Iodide  (A)i 

(BgOI+)  (I-)6 7 8 

(I3-)  (HL.O) 

and  by  lncreaalng  tha  I”  by  erven  snail  aaousta  tha  rate  of  Iodine 
reaction  will  decraaaa  rapidly. 

In  addition,  alnoa  Iodine  la  aoluble  only  to  tha  extent  of  1.1 
■M/llter  In  water  at  20°C  iodide  la  normally  added  to  prodaoe  solatia 
coeylexas  which  lncreaaaa  the  aolublllty  of  Iodine.  Moat  of  the 
experiment*  In  thia  study  vara  performed  at  pH  7  with  0.0b  ril  (10  pan) 
Iodine  In  tha  praaanca  of  O.oW  nM  KZ.  tJtoder  theaa  oondltlona  90% 
of  the  Iodine  axiate  a a  I_  and  free  to  raact  with  wat er  to  gitm  aetlva 

(HjO?).  2 

Tha  recent  report  (6)  that  organic  iodine  (Wsaoodyne)  waa  unable 
to  completely  inactivate  polio  rirua  la  tha  preaanoa  of  organic 
substances  nay  be  explained  by  tha  praaanca  of  Iodide.  Tha  Iodide 
reduced  frtxa  tha  Iodine  by  the  organic  aubetaaoe  will  inhibit  the 
riri tidal  action  aa  observed  abora. 

There  la  evidence  available  that  the  biological  activity  of 
DW-HHA  (l)  and  tha  t ran* forming  DHA  la  not  destroyed  by  Iodine.  Tha 
inactivation  of  virus  by  Iodine  la  conceivably  through  tha  Modification 
of  the  protein  coat.  The  bacterial  rirua  fg  baa  no  histidine  residue 
1-  the  protein  coat  (7)  and  tha  lodlnatloe  of  tha  sulfhydryl,  tryptopharyl 
■nA  tyroayl  group#  need  only  be  considered  with  this  virus. 


(6) MbH1s,  C. ,  Babbahanl,  A.  M. ,  lea,  l.  H.,  and  Slanahl,  H.,  The 
Ineffectiveness  of  Organic  Iodine  (Wes codyne)  aa  a  Viral  Disinfectant, 
An.  J.  Hyg.,  ?8»  325,  19 6} 

(7) !*athans,  D. ,  Hotanl,  0.,  Schvarts,  J.  H.  and  finder,  V.  D., 

Biosynthesis  of  tbs  Coat  Protein  of  Coliphage  f?  by  B.  coll  extracts 
PHAS,  Wj  H»24,  1962  - 


It  vu  evident  from  experimental  results  with  p-chlcroaercurl- 
benzoic  acid,  that  the  modification  of  tba  aulfhydryl  groups  vaa 
Insufficient  to  completely  Inactivate  the  f_  virus.  In  this  case 
inactivation  may  he  explained  by  one  or  more  of  the  following: 

X.  -SH  groups  are  not  essential  for  absorption  and  ejection  of 
nucleic  acid, 

2.  -SH  groups  are  burled  deep  In  molecule  and  are  not  accessible 
by  Iodine,  and 

3.  protein  coat  does  not  contain  -SH  groups. 

Choppln,  et.  al.  (8)  and  Allison  (9)  have  reported  that  some  viruses 
are  resistant  to  the  -SH  reacting  agent.  In  a on treat,  Bach,  poll  sea 
Inactivated  eoepletely  since  the  -SH  groups  In  bacteria  perform  eany 
lndlapenaible  enzyme  functions. 

At  pH  T  the  rata  of  lodlnatlon  of  tyroeln  was  rapid  providing 
the  Iodide  Ion  In  the  system  was  kept  below  lO'St  concentration. 

Again  this  Is  a  phenomenon  of  maintaining  Iodine  In  active  cationic 
form.  It  may  be  reasoned  that  tba  cationic  Iodine  will  readily  combine 
with  the  phenolate  Ion  of  tyroeln,  (R  -  <52>  -  0")  or  the  quinonold 
form  (R  0)  in  alkaline  water.  The  lodlnatlon  of  tyroeln  has 

been  shown  to  vary  Inversely  with  the  hydrogen  Ion  concentration  by 
Id  (10)  and  the  rates  should  be  greater  es  the  OH*  concentration  of 
watere  Increase  beyond  pH  9.0.  It  oust  be  assumed  that  the  mode  of 
virus  Inactivation  observed  In  these  experiments  wee  due,  In  part,  to 
the  lodlnatlon  of  the  tyros yl  amino  acid  residue  of  the  jrotein  coat. 

Each,  no  11  was  rapidly  and  completely  Inactivated  by  Iodine  even 
at  O^C  in  the  presence  of  high  concentrations  of  Iodide.  It  Is  likely 
that  the  high  sensitivity  of  the  sulfbydryl  group  to  even  depressed 
concentrations  of  HgM*  la  rufflclent  to  modify  the  enzymes  located  on 
the  surface  of  the  cell,  which  carry  tndlcpenslble  metabolic  functions 
and,  without  which,  cause  the  death  of  the  organism. 

•  The  conclusions  are  given  as  the  Abstract  at  the  beginning  cf 
t'Us  report. 


(8) Choppin,  ?.  V.  and  Philips on  (Rockefeller  Inst.)  The  Inactivation  of 
Enterovirus  Infectlrlty  by  the  Sulfbydryl  Reagent  p-chloromst  cnrl- 
benxoate,  J.  Exp.  Red.,  U£;  713-734,  19&:  U&  445,  I960.  On  the 
Role  of  Virus  Sulfbydryl  Groups  in  tbs  Attachment  of  Enterovirus 
Erythrocytes 

(9) Allison,  A.  C. ,  Observation  on  the  Inactivation  of  Viruses  bv 
Sulfbydryl  Reagents,  Virology,  17 J  17c- x8j,  1962 

(10)1*1 »  0.  H.,  J.  Am.  Chem.  Soc, ,  6XJ  11 47,  19^2,  Klnstlcs  and 
Mechanisms  of  2.6  -  dl-lodotyroeine  formation 


A.  Effect  of  Iodlna  on  Bac.srlal  RKA  Virus  (f?) 

In  the  practical  application  of  Iodlna  aa  a  viricidal  agent  two 
problems  must  be  recognized. 

1.  Iodine  reacts  best  vlth  some  viruses  at  pH  values  between 

6  and  8,  and  at  much  higher  or  lover  pH  values  than  delimited 
by  this  range,  the  Inactivation  vlU  be  saterlally  reduced. 

2.  The  Inactivation  rate  of  some  viruses  by  Iodine  Is  greatly 
reduced  by  the  presence  of  the  Iodide  Ion.  The  phenomenon 
la  most  likely  due  to  the  suppression  of  active  species  of 
HgOI*  by  the  Iodide  and  the  formation  of  Inactive  Ions  such 
as  trl -iodide.  Therefore,  Iodine  solutions  should  not  be 
employed  aa  viricidal  agents  In  the  presence  of  organic 
substances  such  as  culture  media,  serum  end  eevege  which 
have  been  shown  capable  of  reducing  the  Iodine  to  Iodide 

In  concentrations  greater  then  10~*  to  10"Tl  end  nay  limit 
virus  Inactivation  to  only  90%  of  the  Initial  motors  of 
virus  particles . 

B.  Probable  Mode  of  Action  of  Iodine  on  Bacterial  Virus  (fO 

Since  It  has  been  shown  that  Iodine  does  not  Inactivate  the 
biological  activity  of  Tobacco  Mosaic  Virus  -  RKA  (ll)  and  the  trees  - 
forming  DJIA,  It  Is  conceivable  that  the  Inactivation  of  bacterial 
virus  Is  due  to  the  modification  of  the  protein  coat.  Por  the  (f2) 
bacterial  virus  under  study  only  the  reaction  of  Iodine  with  the 
sulfhydryl,  tryptophsunyl  and  tyroayl  groups  need  be  considered. 

Reaction  of  Iodine  with  the  sulfhydryl  groups  apparently  la  not 
responsible  for  the  complete  inactivation  of  the  virus  since  the  virus 
was  resistant  to  p-chloroosrcurlbenzolc  acid,  a  -8H  group  reaction 
agent. 

Iodlnatlon  of  tyroeln  with  cationic  hydrated  iodine  was  effective 
n-^-rldrd  no  significant  amounts  of  lodlds  vac  In  the  system.  Id  (10) 

'os  reported  that  the  rata  of  tyros In  Iodlnatlon  varies  Inversely  with 
tt«  hydrogen  Ion  concentration.  This  may  account  for  the  poor  Inactivation 
of  the  virus  In  system  with  pH  values  below  6.0. 


(ll)  Braaear,  K.  W. ,  Chemical  Modification  of  Viral  Ribonucleic  Acid, 
B.B.A.  T2j  217,  1963.  Virus  laboratory,  Univ.  of  Oalif. , 
Berkeley,  Calif. 
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